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Abstract 
 
Aims: To investigate if early life characteristics and social mobility during childhood are 
associated with incident thrombotic stroke (TS), haemorrhagic stroke (HS) and other 
stroke (OS). 
 
Methods:  Our study population consists of all live births at Uppsala University Hospital 
in 1915-1929 (Uppsala Birth Cohort; n=14,192), of whom 5,532 males and 5,061 females 
were singleton births  and  lived in Sweden in 1964. We followed them from 1 January 
1964 until first diagnosis of stroke (in the National Patient Register or Causes of Death 
Register), emigration, death, or until 31 December 2008.Data were analysed using Cox 
regression, stratifying by gender. 
 
Results: Gestational age was negatively associated with TS and OS in women only. 
Women had increased risk of TS if they were born early preterm (<35 weeks) (HR 1.54 
(95%CI 1.02-2.31)) or preterm (35-36 weeks) (HR 1.37 (95%CI 1.03-1.83)) compared to 
women born at term.  By contrast, only women who were early preterm (HR 1.98 
(95%CI 1.27-3.10) had an increased risk of OS. Men who were born post-term (≥42 
weeks) had increased risk of HS (HR 1.45 (95%CI 1.04-2.01)) compared with men born 
at term, with no association for women. TS was associated with social mobility during 
childhood in women: women whose families were upwardly or downwardly mobile had 
increased risk of TS compared to women who were always advantaged during childhood.  
 
Conclusion: Gestational age and social mobility during childhood were associated with 
increased risk of stroke later in life, particularly among women, but there was some 
heterogeneity between stroke subtypes.  
 
Key Words: childhood, birth outcomes, gestational age,  preterm birth, social mobility, 
stroke 
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Introduction 
 
Low birthweight and reduced foetal growth are associated with increased risk of 
cardiovascular disease (CVD) in adulthood;[1-4] however the link with gestational age is 
less evident. Although infants born prematurely (<37 weeks gestation) have increased 
rates for CVD risk factors, such as high blood pressure,[5] type-2 diabetes,[6, 7] and 
increased adiposity,[8] the relationship between preterm birth and CVD remains unclear.  
 
Previous studies from the Uppsala Birth Cohort Multigenerational Study (UBCoS 
Multigen) have found an association between gestational age and stroke;[9, 10] 
specifically, a negative linear trend between gestational age and stroke mortality,[9] and 
an association between gestational age and incident ‘other’ (undefined) stroke among 
women in a sub-sample.[10]  Similarly, a cohort study based on the total population of 
Sweden found those born very early preterm (<32 weeks) had increased risk of stroke in 
young adulthood.[11] However, research[12, 13] from the Helsinki Birth Cohort Study 
has found no association between preterm birth and incident stroke.  
 
Birthweight,[13-15] birthweight-for-gestational-age,[9, 10] birth length,[13, 14] head 
circumference[13] and placental weight,[13, 14] have also been investigated in relation to 
stroke risk in adulthood, with only birthweight and birthweight-for-gestational-age 
consistently showing a negative relationship. 
 
Furthermore, CVD and its risk factors follow an inverse social gradient: individuals who 
have adverse socioeconomic conditions during childhood have increased risk of CVD in 
later life.[16] Although little is known about the effect of social mobility during 
childhood and its effect on stroke in adulthood, it could be hypothesised that individuals 
with accumulated disadvantage will have poorer health outcomes in adulthood.  
 
There are two types of stroke: thrombotic (or ischaemic) stroke (TS) and haemorrhagic 
stroke (HS), with TS accounting for approximately 87% of all strokes.[17] TS and HS 
have differing pathophysiology, yet most studies group them together.  Ascertaining 
specific determinants of different types of stroke may provide important insights for 
stroke prevention.  
 
Using data from UBCoS Multigen Study, our aim was to investigate the associations 
between early life characteristics and incident TS, HS and ‘other’ (undefined; OS) stroke. 
We extend previous studies[9, 10] by including an additional follow-up of seven years,[9] 
by focussing on incident strokes (rather than mortality) and their subtypes,[9] by 
expanding on a previous analysis which only looked at a smaller subsample of women for 
whom pelvic size measurements were available;[10] and most importantly, by examining 
the combined effect of gestational age and social mobility during childhood on incident 
stroke. 
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Methods 
 
Data comes from the first generation of UBCoS Multigen 
(http://www.chess.su.se/ubcosmg/), including all 14,192 live births born at Uppsala 
University Hospital, Sweden in 1915-1929.[18, 19] Parish records were used to trace the 
cohort members’ emigrations and deaths until register data became available in the 
1960s; these records had ~98% completeness to follow-up. We restricted our sample to 
singleton births (n=13,748) and those still alive and resident in Sweden in 1964 
(n=11,580). Our final sample comprised of 10,593 individuals who had complete data on 
social and health characteristics at birth. Additional analyses on social mobility during 
childhood had a study population of 7,985 individuals. The study was approved by the 
Regional Ethics Committee in Stockholm.  
 
Variables 
 
Data on birth characteristics were derived from obstetric records. Our primary focus was 
gestational age measured by date of last menstrual period.  Gestational age was 
categorised into four groups: early preterm (<35 completed weeks of gestation), preterm 
(35-36 weeks), term (37-41 weeks), and post-term (≥42 weeks). Other birth 
characteristics examined were birthweight-standardised-for-gestational-age (z-score), 
birth-length-standardised-for-gestational-age (z-score), and head-(occipito-frontal)-
circumference-standardised-for-gestational-age (z-score), all categorised into quartiles; 
placental weight categorised into four groups: ≤550g, 551-650g, 651-750g, >750g; and 
placental weight in relation to birthweight (percentage) categorised into four groups: 
≤16.5, 16.5-18.5, 18.5-20.5, >20.5. Gender-specific z-scores of birth-length-standardised-
for-gestational-age and head-circumference-standardised-for-gestational-age were created 
for this study and were calculated using the cohort as a reference, excluding individuals 
who were born <30 weeks gestation (n=5). The category limits for the placental weight 
variables were based on limits used in a previous UBCoS Multigen study.[20]  
 
Our social indicators were family social class at birth and social mobility during 
childhood. Family social class at birth was based on father’s occupation or mother’s 
occupation if she was single, and was obtained primarily from obstetric records (97.9%), 
with 2.1% of the data coming from census 1930. Family social class at birth was 
categorised into five groups: higher and intermediate non-manual, entrepreneurs and 
famers, lower non-manual, skilled manual, and unskilled manual.  Social mobility during 
childhood was created using family social class at birth and family social class at aged 
10, which was also based on father’s occupation or mother’s occupation if she was single 
(75.4% with available data, drawn primarily from archived school records). Individuals 
were classified into two groups at each time period: advantaged, which included high and 
intermediate non-manual, entrepreneurs and farmers, lower non-manual and skilled 
manual social classes; and disadvantaged which were those from unskilled manual social 
classes.  Accordingly, social mobility during childhood was categorised into four groups: 
always advantaged, upwardly mobile, downwardly mobile, and always disadvantaged. 
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Included covariates were birth year (1915-1919, 1920-1924, and 1925-1929) to control 
for potential cohort effects, maternal age at birth (continuous), and parity (categorised 
into parity 1, parity 2 and parity 3+). 
 
Incident TS, HS, and OS were defined as the first recorded hospitalisation or death with 
the respective diagnosis as the main or contributing diagnoses.  Data was obtained from 
the National Patient Register (validity of 85-95%)[21] and the Causes of Death Register. 
The following International Classification of Diseases (ICD) codes were used to define 
TS: ICD-7 (332-333); ICD-8 (432-435, 437); ICD-9 (433-435); and ICD-10 (G45, I63, 
I65, I66); HS: ICD-7 (330-331); ICD-8 (430-431); ICD-9 (430-432); and ICD-10 (I60-
I62); and OS: ICD-7 (334); ICD-8 (436,438), ICD-9 (436-438); and ICD-10 (I64, I67-
I69).  
 
Missing data 
 
The attrition analysis between our eligible sample (n=11,580) and our main study 
population (n=10,593) showed that our excluded individuals were more likely to be born 
between 1915 and 1919 (44.7% vs 24.3%), from unskilled social classes at birth (54.6% 
vs 49.5%), to be born before 35 weeks gestation (3.5% vs 1.8%), to have lower 
birthweight (3,415g vs 3,467g) and smaller head circumference (34.7cm vs 34.8cm). 
Comparisons with our population for the analyses on social mobility during childhood 
(n=7,985) and the excluded individuals who lacked data on family social class at aged 10 
(n=2,608) showed that excluded individuals were more likely to be born between 1925 
and 1929 (47.2% vs 39.1%) and from higher and intermediate non-manual class (11.1% 
vs 8.3%), entrepreneurs and farmers (20.1% vs 18.8%) and unskilled manual (51.3% vs 
49.0%) social classes at birth.  
 
Statistical Methods 
 
We used STATA v11 to perform descriptive statistics and fit Cox proportional hazards 
models. Follow-up began on 1/Jan/1964 when the Hospital Discharge Register was 
launched21 and continued until diagnosis with stroke, emigration, death, or until 
31/Dec/2008. All analyses were stratified by gender, and were initially adjusted for birth 
cohort with individual’s age defining the time scale. Analyses for gestational age were 
further adjusted for family characteristics at birth, birthweight-for-gestational-age and 
placental weight/birthweight ratio in a series of hierarchical models. Analyses for the 
other birth characteristics were only further adjusted for gestational age and birthweight-
for-gestational-age.  
 
We explored potential interactions with gestational age, gender, parity and family social 
class at birth. For the tests with family social class at birth, social class was categorised 
into three groups: high (higher and intermediate non-manual, and entrepreneurs and 
farmers), middle (lower non-manual and skilled manual) and low (unskilled manual) 
social class. 
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Results 
 
Table 1 presents the characteristics of the sample; men at birth were heavier, longer, had 
greater head circumference, and a larger placental weight than women; however there 
was no difference between genders with regards to social characteristics. Social class at 
birth was associated with length of gestation (p=0.01); a higher proportion of individuals 
from unskilled manual social class were born early preterm (2.1%) compared with those 
from high non-manual backgrounds (0.6%) (Supplementary Table S1). There was no 
difference in the frequency of preterm birth according to birth year or birth cohorts. Rates 
of incident stroke are displayed in Supplementary Table S2. Rates for all stroke types 
were higher among men, with TS being the most prevalent in both men (536 cases per 
100,000 person-years; 95%CI 504-570) and women (464 cases; 95%CI 434-496).  
 
Table 2 displays the hazard ratios for stroke types by birth characteristics. Gestational age 
was negatively associated with TS and OS in women only. Women born prematurely 
(<37 weeks) had increased risk of TS compared to women born at term. After further 
adjustment for parity, maternal age, family social class at birth, birthweight-for-
gestational-age and placental weight/birthweight ratio, these effects strengthened for both 
those born early preterm (HR 1.66 (95%CI 1.10-2.50)) and preterm (HR 1.42 (95%CI 
1.06-1.90)).  Only women who were early preterm (<35 weeks) had an increased risk of 
OS and the effect was not changed significantly in hierarchical models (not shown). 
Gestational age was not associated with HS in women, but men who were born post-term 
had approximately 1.5 times the risk of HS compared with men born at term.  
 
Tests for statistical interaction between gestational age and gender, gestational age and 
parity, and gestational age and social class at birth in their effects on stroke were non-
significant. 
 
Negative linear associations were observed between birthweight-for-gestational-age and 
TS in men (p=0.009), and OS in both genders (p<0.05). Placental weight and placental 
weight/birthweight ratio were associated with all stroke types, but to varying degrees. 
Placental weight was associated with TS in both men and women; however, in fully 
adjusted models the association only remained in women (p=0.006).  No association 
between placental weight and HS was observed in the minimally adjusted models, but 
there was a positive linear association in women after further adjustment with gestational 
age and birthweight-for-gestational-age (p=0.001).  
 
 Social class at birth was associated with HS in women only (p=0.049). OS was not 
significantly associated with social class at birth in either gender, although in women 
there was a suggestion of lower risk among the higher non-manual group compared to all 
other social classes (Table 2). TS was not associated with social class at birth, but was 
associated with social mobility during childhood in women (p=0.02): women whose 
families were upwardly or downwardly mobile had increased risk of TS compared to 
women whose families were always advantaged during childhood.  
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Table 1.  Characteristics of study subjects born in Uppsala, Sweden, 1915-1929 stratified by gender 
(men n=5,532; women n=5,061). 
 N (percentage)/Mean (sd)  
 Men Women p-value 
Gestational age  39.5 (2.0) 39.6 (2.0) 0.07a 
   Early preterm (< 35 weeks) 94 (1.7) 97 (1.9)  
   Preterm (35-36 weeks) 282 (5.1) 229 (4.5)  
   Term (37-41 weeks) 4,508 (81.5) 4,087 (80.8)  
   Post-term (≥42 weeks) 648(11.7) 648 (12.8) 0.16b 
Birthweight (g) 3527 (498) 3401 (499) <0.001a 
Birthweight-for-gestational-age (quartiles)    
   Lowest 1,270 (23.0) 1,117 (22.1)  
   Second 1,398 (25.3) 1,282 (25.3)  
   Third 1,441 (26.1) 1,303 (25.8)  
   Highest 1,423(25.7) 1,359 (26.9) 0.51 
Birth length (cm) 51.2 (2.2) 50.5 (2.2) <0.001a 
Birth-length-for-gestational-age (quartiles)    
   Lowest 1,269 (22.9) 1,258 (24.9)  
   Second 1,446 (26.1) 1,200 (23.7)  
   Third 1,315 (23.8) 1,440 (28.5)  
   Highest 1,502 (27.2) 1,163 (23.0) <0.001b 
Head circumference (cm) 35.1 (1.4) 34.4 (1.4)  <0.001a 
Head-circumference-for-gestational-age 
(quartiles) 
   
   Lowest 1,240 (22.4) 1,279 (25.3)  
   Second 1,675 (30.3) 1,040 (20.6)  
   Third 1,202 (21.7) 1,454 (28.7)  
   Highest 1,415 (25.6) 1,288 (25.4) <0.001b 
Placental weight (g) 666 (138) 658 (143)  0.002a 
   ≤550 1,215 (22.0) 1,199 (23.7)  
   551-650 1,581 (28.6) 1,529 (30.2)  
   651-750 1,442 (26.1) 1,234 (24.4)  
   >750 1,294 (23.4) 1,099 (21.7) 0.007b 
Placental weight/birthweight ratio (%)    
   ≤16.5 1,264 (22.9) 968 (19.1)  
   16.5-18.5 1,403 (25.4) 1,188 (23.5)  
   18.5-20.5 1,272 (23.0) 1,227 (24.2)  
   >20.5 1,593 (28.8) 1,678 (33.2) <0.001b 
Social class at birth    
   Higher non-manual§ 512 (9.3) 443 (8.8)  
   Entrepreneurs &  farmers 1,099 (19.9) 932 (18.4)  
   Lower non-manual 400 (7.2) 365 (7.2)  
   Skilled manual 813 (14.7) 783 (15.5)  
   Unskilled manual 2,708 (49.0) 2,538 (50.2) 0.24b 
Social mobility during childhood*    
   Always advantaged 1,897 (45) 1,642 (43.6)  
   Upward mobility 626 (14.8) 542 (14.4)  
   Downward mobility 281 (6.7) 256 (6.8)  
   Always disadvantaged 1,414 (33.5) 1,327 (35.2) 0.41b 
aT-test. bPearson χ2 test; § Includes intermediate non-manual social class 
*n=7,985 (men n=4,218; women n=3,767)
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Table 2.   Hazard ratios for incident stroke by early life characteristics stratified by gender (men n=5,532; women n=5,061), and social mobility during 
childhood stratified by gender (men n=4,218; women n=3,767). 
 Thrombotic stroke Haemorrhagic stroke Other stroke 
 Men  Women  Men  Women  Men  Women  
 Cases HR (95% CI) Cases HR (95% CI) Cases HR (95% CI) Cases HR (95% CI) Cases HR (95% CI) Cases HR (95% CI) 
Gestational age              
   Early preterm (< 35  
   weeks) 
19 1.11(0.71-1.75) 24 1.54(1.02-2.31) 8 1.95 (0.96-3.96) 5 1.36 (0.56-3.31) 11 0.98 (0.54-1.79) 20 1.98 (1.27-3.10) 
   Preterm (35-36 weeks) 51 1.06(0.80-1.41) 50 1.37 (1.03-1.83) 13 1.05 (0.60-1.83) 13 1.52 (0.86-2.67) 30 0.91 (0.63-1.31) 30 1.24 (0.86-1.80) 
   Term (37-41 weeks) 819 1 706 1 209 1 163 1 554 1 460 1 
   Post-term (≥42 weeks) 114 0.97(0.80-1.18) 101 0.96 (0.78-1.18) 43 1.45 (1.04-2.01) 20 0.82 (0.51-1.30) 79 1.02 (0.81-1.29) 62 0.91 (0.69-1.18) 
   p-value (heterogeneity)  0.92  0.03  0.05  0.32  0.96  0.01 
   p-value (linear)  0.50  0.01  0.59  0.09  0.68  0.005 
Birthweight-for-
gestational-age (quartiles) 
            
   Lowest 255 1 192 1 66 1 49 1 172 1 137 1 
   Second 267 0.95(0.80-1.13) 216 0.92 (0.76-1.12) 73 1.01 (0.72-1.41) 52 0.88 (0.60-1.30) 172 0.90 (0.73-1.12) 155 0.92 (0.73-1.16) 
   Third 239 0.81(0.68-0.96) 243 1.07 (0.89-1.30) 63 0.83 (0.59-1.17) 53 0.91 (0.62-1.35) 155 0.77 (0.62-0.96) 141 0.87 (0.69-1.10) 
   Highest 242 0.83(0.69-0.99) 230 0.95 (0.78-1.15) 71 0.94 (0.67-1.32) 47 0.77 (0.51-1.14) 165 0.83 (0.67-1.02) 139 0.79 (0.63-1.00) 
   p-value (heterogeneity)  0.04  0.39  0.66  0.63  0.10  0.26 
   p-value (linear)  0.009  1.00  0.50  0.24  0.04  0.047 
Birth-length-for-
gestational-age (quartiles) 
            
   Lowest 244 1 220 1 63 1 56 1 157 1 155 1 
   Second 253 0.90 (0.75-1.07) 193 0.87 (0.71-1.05) 73 1.01 (0.72-1.42) 50 0.90 (0.62-1.32) 181 1.00 (0.81-1.24) 127 0.82 (0.65-1.03) 
   Third 241 0.91 (0.76-1.09) 261 0.95 (0.79-1.14) 69 1.01 (0.72-1.43) 47 0.68 (0.46-1.01) 159 0.91 (0.73-1.14) 170 0.87 (0.70-1.08) 
   Highest 265 0.87 (0.73-1.04) 207 0.90 (0.74-1.09) 68 0.88 (0.62-1.24) 48 0.84 (0.57-1.24) 167 0.82 (0.66-1.03) 120 0.72 (0.56-0.91) 
   p-value (heterogeneity)  0.44  0.47  0.79  0.27  0.25  0.05 
   p-value (linear)  0.16  0.48  0.46  0.19  0.06  0.02 
Head-circumference-for-
gestational-age (quartiles) 
            
   Lowest 235 1 204 1 54 1 53 1 156 1 145 1 
   Second 323 1.01 (0.86-1.20) 199 1.18 (0.97-1.43) 89 1.21 (0.87-1.70) 41 0.93 (0.62-1.39) 202 0.94 (0.76-1.16) 137 1.11 (0.88-1.41) 
   Third 201 0.89 (0.73-1.07) 256 1.06 (0.89-1.28) 55 1.06 (0.73-1.55) 62 0.99 (0.68-1.42) 135 0.90 (0.71-1.13) 162 0.93 (0.74-1.16) 
   Highest 244 0.87 (0.72-1.04) 222 1.01 (0.83-1.22) 75 1.17 (0.83-1.67) 45 0.79 (0.53-1.18) 171 0.89 (0.72-1.11) 128 0.79 (0.62-1.00) 
   p-value (heterogeneity)  0.17  0.32  0.67  0.63  0.74  0.04 
   p-value (linear)  0.045  0.79  0.59  0.33  0.29  0.02 
Placental weight (g)             
   ≤550 254 1 249 1 60 1 35 1 178 1 160 1 
   551-650 289 0.86 (0.72-1.01) 243 0.74 (0.62-0.88) 87 1.11 (0.80-1.54) 66 1.47 (0.98-2.22) 182 0.77 (0.62-0.94) 157 0.76 (0.61-0.95) 
   651-750 237 0.76 (0.64-0.91) 218 0.85 (0.71-1.02) 68 0.94 (0.67-1.33) 50 1.38 (0.90-2.13) 151 0.70 (0.56-0.87) 141 0.88 (0.70-1.10) 
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   >750 223 0.84 (0.70-1.01) 171 0.76 (0.63-0.92) 58 0.93 (0.65-1.34) 50 1.62 (1.05-2.50) 153 0.82 (0.66-1.03) 114 0.82 (0.64-1.04) 
   p-value (heterogeneity)  0.02  0.004  0.69  0.16  0.008  0.09 
   p-value (linear)  0.03  0.03  0.47  0.06  0.05  0.24 
Placental 
weight/birthweight ratio 
(%) 
            
   ≤16.5 252 1 200 1 72 1 37 1 173 1 120 1 
   16.5-18.5 265 0.96 (0.80-1.14) 204 0.86 (0.71-1.05) 63 0.78 (0.56-1.10) 34 0.78 (0.49-1.24) 178 0.93 (0.76-1.15) 126 0.90 (0.70-1.15) 
   18.5-20.5 197 0.80 (0.67-0.97) 211 0.83 (0.69-1.01) 62 0.89 (0.63-1.25) 36 0.78 (0.49-1.24) 117 0.70 (0.56-0.89) 147 1.00 (0.79-1.28) 
   >20.5 289 0.94 (0.80-1.12) 266 0.80 (0.66-0.96) 76 0.85 (0.62-1.18) 94 1.56 (1.06-2.29) 196 0.92 (0.75-1.14) 179 0.95 (0.75-1.20) 
   p-value (heterogeneity)  0.12  0.11  0.56  0.0002  0.02  0.78 
   p-value (linear)  0.28  0.02  0.52  0.003  0.20  0.90 
Social class at birth             
   Higher non-manual§ 92 1 68 1 19 1 17 1 56 1 34 1 
   Entrepreneurs /farmers 206 1.00 (0.78-1.27) 153 1.11(0.83-1.47) 55 1.31(0.78-2.20) 22 0.62 (0.33-1.17) 124 1.00 (0.73-1.37) 112 1.63 (1.11-2.39) 
   Lower non-manual 75 1.08 (0.80-1.47) 75 1.37 (0.99-1.91) 21 1.50(0.80-2.79) 15 1.07 (0.53-2.14) 52 1.27(0.87-1.85) 45 1.60 (1.03-2.50) 
   Skilled manual 152 1.10  (0.85-
1.43) 
142 1.28(0.96-1.71) 35 1.24(0.71-2.17) 30 1.04 (0.57-1.89) 102 1.24 (0.89-1.72) 86 1.55 (1.05-2.31) 
   Unskilled manual 478 1.05 (0.84-1.31) 443  143 1.54(0.95-2.48) 117 1.26 (0.76-2.10) 330 1.23 (0.93-1.63) 295 1.65 (1.16-2.36) 
   p-value (heterogeneity)  0.88  0.22  0.37  0.049  0.22  0.10 
Social mobility during 
childhood* 
            
   Always advantaged 341 1 268 1 94 1 57 1 230 1 169 1 
   Upward mobility 105 0.95 (0.76-1.18) 108 1.28 (1.02-1.60) 43 1.43 (1.00-2.06) 27 1.45 (0.92-2.30) 85 1.17 (0.91-1.50) 61 1.13(0.84-1.52) 
   Downward mobility 62 1.33 (1.01-1.74) 54 1.51 (1.13-2.03) 10 0.73 (0.38-1.40) 8 1.00 (0.47-2.09) 41 1.29 (0.92-1.80) 30 1.33 (0.90-1.97) 
   Always disadvantaged 253 1.09 (0.93-1.29) 219 1.08 (0.90-1.29) 73 1.12 (0.83-1.52) 60 1.35 (0.94-1.94) 165 1.06 (0.87-1.30) 151 1.18 (0.95-1.48) 
   p-value (heterogeneity)  0.12  0.02  0.13  0.26  0.38  0.32 
 
HR adjusted for birth cohort with age defining the time scale. *Social mobility during childhood analyses n=7,985 (men n=4,218; women n=3,767).
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Discussion 
 
In our cohort, gestational age was associated with incident stroke, but to varying degrees.   
Women born preterm (<37 weeks) had increased risk of TS, and women born early 
preterm (<35 weeks) had increased risk of OS, compared with women born at term. 
Gestational age was not associated with HS in women. However, men born post-term had 
increased risk of HS compared with men born at term. 
 
Social class at birth was associated with stroke in later life only among women; women 
belonging to lower social classes had an increased risk of HS, whilst women from higher 
non-manual social class had lower risk of OS compared to all other social groups. 
Moreover, women who belonged to families who were either upwardly or downwardly 
mobile had increased risk of TS compared to women whose families were always 
advantaged.   
 
A strength of our study was using UBCoS Multigen data. This large, well-established 
historical longitudinal cohort with great completeness of follow-up allowed us to observe 
individuals across their life course.[18] Our main study population only included 
individuals with complete data; from our possible sample (see Methods) our study 
population had low attrition (8.5%). However only 74% of the sample had data on family 
social class at age 10; therefore for the analyses on social mobility during childhood, 
there appears to be a selection bias towards those born between 1915 and 1924 and from 
a skilled manual family social class at birth. Nonetheless, we do not believe this impacted 
our results in any meaningful way. 
 
While our primary focus was the relationship between gestational age and incident 
strokes, we also present other birth outcomes for completeness, and this led to many 
outcomes (as seen in Table 2). Consequently some findings may be due to chance. 
However, we believe there is good justification to distinguish between different types of 
strokes and to explore potential gender differences in our analyses. Nevertheless, 
replication of this study would be valuable. 
 
Moreover, data for incident stroke may be incomplete as the coverage of the National 
Patient Register was not completed for all parts of Sweden until the 1980s; however, our 
study subjects were relatively young during the start of follow-up and therefore, may be 
less affected by this issue. 
 
A limitation of conducting a longitudinal analysis of stroke is that both the availability of 
diagnostic tools and the ICD codes have changed during our follow-up period; however, 
our coding is based on relatively larger groups of diagnoses and is consistent with other 
longitudinal studies which have used stroke subtypes. [10, 13] 
 
Furthermore, our construct of social mobility during childhood, based on father’s 
occupation or mother’s if she was single, does not capture single motherhood per se but 
rather transitions in family social class during childhood.  Finally, we were unable to 
assess the risk of stroke among individuals whose family social class was “unemployed” 
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as employment status was not captured in the socioeconomic data available to us nor 
were we able to explore mechanisms linking birth characteristics and later stroke as we 
did not have access to variables such as smoking, dietary and physical activity habits. 
 
To date, there has been limited evidence of an association between gestational age and 
stroke in later life, but our findings suggest that an association does exist. Our study 
supports previous research also conducted in Sweden which showed a link between 
gestational age and stroke mortality,[9] and another where women who were born <36 
weeks gestation had double the risk of OS compared to women born 40-41 weeks 
gestation.[10] Another Swedish study using total population data found that those born 
<32 weeks gestation had nearly double the risk of cerebrovascular disease in young 
adulthood, but no such risk was observed in those born 32-36 weeks.[11] Although a 
recent study[12] from the Helsinki Birth Cohort Study found that there was no increased 
risk of thrombotic, haemorrhagic or all strokes in those born preterm, women born <34 
weeks had a higher rate of coronary heart disease. Coronary heart disease and TS have 
similar aetiology with a common mechanism of atherosclerosis,[22] thus it is feasible that 
if early preterm birth is associated with coronary heart disease, it could also be linked 
with TS. Moreover, very preterm birth is associated with structural brain alterations in 
early adulthood, whereby volumetric differences in grey matter and white matter are 
linearly associated with gestational length.[23] It is possible that these persisting 
anatomical differences lead to an increased risk of stroke in individuals born preterm in 
our cohort. 
 
Previous studies have shown that low birthweight[13, 14] and low birthweight-for-
gestational-age[9] are associated with stroke in adulthood. However, when these studies 
split stroke by subtypes, birthweight was not associated with either TS or HS,[13] nor 
was birthweight-for-gestational-age associated with TS.9 In comparison, we found that 
birthweight-for-gestational-age was negatively associated with TS in men only, with no 
association found with HS. These findings may be reflective of the differences in 
pathophysiology by stroke subtypes.  
 
The foetal origins hypothesis suggests that malnutrition during critical periods of foetal 
development may permanently affect physiology, leading to an increased risk of CVD in 
adulthood.[24] Consistent with this hypothesis we noted that low placental weight was 
associated with TS in both genders and with OS in men only. Furthermore, placental 
weight was inversely associated with ischaemic (i.e. coronary) heart disease among 
individuals from UBCoS Multigen Study.[20] Again, this provides more evidence of a 
common mechanism for the effect of birth characteristics on TS and ischaemic heart 
disease. 
 
The premise that individuals with persisting social disadvantage during their childhood 
will have worse health in adulthood than those who have been advantaged was not 
observed in our study; however, women who were upwardly or downwardly mobile did 
have an increased risk of TS. Tiikkaja et al[25] also noted similar associations between 
stroke mortality and intergenerational class mobility  among Swedish women, but they 
did find that women who were always disadvantaged had an increased risk of stroke 
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mortality. Our findings suggest that being socially mobile during childhood can impact 
one’s health in adulthood. This may be due to the stress associated with moving between 
social groups, where individuals need to adjust to their new social environment.[26] 
Additionally, unfavourable birth outcomes such as preterm birth and low birthweight are 
more common among those from social disadvantaged groups.[27] Therefore we could 
speculate that preterm birth would be associated with stroke as well. 
 
To conclude, our results suggest that birth characteristics are associated with stroke later 
in life, particularly among women. Women who were born preterm were at increased risk 
of TS and OS in adulthood, whereas men who were born post-term had increased risk of 
HS. Social characteristics at birth were only linked to risk of stroke for women and the 
reasons for this should be further investigated. While globally Sweden has one of the 
lowest rates of preterm birth affecting around 6% of births,[28] cerebrovascular disease 
was the second  leading cause of years of life lost due to premature mortality in 2013.[29] 
Therefore, identifying modifiable risk factors to aid in the prevention of stroke remains a 
health priority. We believe this study reinforces the importance of healthy birth outcomes 
and may assist in clarifying the life course aetiology of stroke.   
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Supplementary Material 
 
Table S1. Association of social class at birth (n=10,593) with gestational age among study subjects 
born in Uppsala between 1915-1929. 
 N (percentage) 
 Early preterm  
(<35 weeks) 
Preterm (35-36 
weeks) 
Term (37-41 
weeks) 
Post-term (≥42 
weeks) 
Social class at birth     
   Higher non-manual§ 6 (0.6) 34 (3,6) 804 (84,2) 111 (11.6) 
   Entrepreneurs  and 
farmers 
37 (1.8) 77 (3,8) 1,673 (82,4) 244 (12,0) 
   Lower non-manual 10 (1.3) 45 (5,9) 621 (81,2) 89 (11,6) 
   Skilled manual 26 (1.6) 83 (5,2) 1,281 (80,3) 206 (12,9) 
   Unskilled manual 112 (2.1) 272 (5,2) 4,216 (80,4) 646 (12,3) 
   p-value§§ 0.01 
§ Includes intermediate non-manual social class; §§ χ2 test 
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Table S2.  Rates per 100,000 person-years of thrombotic, haemorrhagic and other stroke from 1 
January 1964 to 31 December 2008 by early life characteristics; stratified by gender (men n=5,532; 
women n=5,061). 
 Thrombotic stroke Haemorrhagic stroke Other stroke 
 Rates per 100,000 
person -years 
(95% CI) 
Rates per 100,000 
person -years 
(95% CI) 
Rates per 100,000 
person -years 
(95% CI) 
 Men Women Men Women Men Women 
Total 536 (504-570) 464 (434-496) 143 (127-161) 104 (90-119) 349 (323-377) 297 (273-322) 
Gestational age        
   Early preterm (< 35 weeks) 597 (381-936) 690 (463-1030) 252 (126-504) 140 (58-336) 341 (189-616) 568 (366-880) 
   Preterm (35-36 weeks) 547 (416-720) 598 (453-789) 136 (79-234) 152 (88-262) 315 (220-450) 352 (246- 503) 
   Term (37-41 weeks) 537 (501-575) 459 (426-494) 134 (117-153) 104 (89-121) 351 (322-381) 295 (269-323) 
   Post-term (≥42 weeks) 518 (431-622) 418 (344-508) 192 (142-258) 81 (52-126) 353 (283-440) 253 (197-324) 
Birthweight-for-gestational-
age (quartiles) 
      
   Lowest 597 (528-675) 461 (400-531) 151 (118-192) 115 (87-152) 396 (341-460) 324 (274-383) 
   Second 567 (503-640) 444 (389-507) 152 (121-191) 105 (80-137) 359 (309-417) 314 (268-367) 
   Third 488 (430-554) 502 (442-569) 126 (98-161) 107 (82-140) 311 (266-364) 287 (243-339) 
   Highest 500 (441-567) 450 (396-513) 144 (114-181) 90 (68-120) 335 (288-391) 267 (226-316) 
Birth-length-for-
gestational-age (quartiles) 
      
   Lowest 564 (498-639) 466 (408-532) 142 (111-182) 116 (89-151) 356 (305-417) 323 (276-378) 
   Second 511 (451-578) 424 (368-488) 145 (115-182) 107 (81-142) 361 (312-418) 275 (231-327) 
   Third 537 (473-609) 482 (427-544) 150 (119-190) 85 (64-113) 349 (299-407) 309 (266-359) 
   Highest 536 (475-604) 483 (421-553) 134 (106-170) 110 (83-146) 331 (284-385) 275 (230-329) 
Head-circumference-for-
gestational-age (quartiles) 
      
   Lowest 556 (489-632) 423 (368-485) 125 (95-163) 108 (82-141) 364 (311-425) 296 (252-349) 
   Second 569 (510-634) 510 (444-586) 153 (124-189) 103 (76-140) 350 (305-401) 346 (292-409) 
   Third 497 (433-571) 468 (414-529) 134 (102-174) 111 (86-142) 329 (278-389) 292 (250-341) 
   Highest 512 (452-580) 464 (407-529) 153 (122-192) 92 (69-123) 352 (303-409) 263 (221-313) 
Placental weight (g)       
   ≤550 626 (553-708) 557 (492-631) 144 (112-185) 76 (54-106) 430 (372-498) 350 (300-409) 
   551-650 543 (484-610) 422 (372-478) 160 (129-197) 113 (88-143) 336 (290-388) 269 (230-314) 
   651-750 482 (425-548) 471 (412-537) 135 (107-172) 106 (80-139) 303 (258-355) 301 (255-354) 
   >750 504 (442-575) 415 (358-483) 129 (99-166) 119 (90-157) 341 (291-399) 274 (228-329) 
Placental 
weight/birthweight ratio 
(%) 
      
   ≤16.5 595 (526-673) 551 (480-633) 166 (131-209) 99 (72-137) 401 (346-466) 324 (271-387) 
   16.5-18.5 558 (495-629) 462 (403-530) 129 (101-165) 75 (54-105) 368 (318-426) 280 (235-333) 
   18.5-20.5 460 (400-529) 455 (397-520) 142 (111-182) 76 (55-105) 269 (225-323) 313 (266-367) 
   >20.5 531 (473-596) 422 (374-476) 136 (109-171) 147 (120-180) 354 (308-407) 281 (243-326) 
Social class at birth       
   Higher non-manual§ 521 (425-639) 401 (316-509) 105 (67-164) 98 (61-158) 310 (238-402) 198 (142-277) 
   Entrepreneurs &  farmers 529 (462-607) 429 (366-502) 138 (106-180) 60 (40-91) 313 (262-373) 309 (257-372) 
   Lower non-manual 568 (453-712) 550 (439-690) 155 (101-238) 108 (65-179) 388 (296-510) 325 (243-435) 
   Skilled manual 560 (478-657) 483 (410-569) 126 (90-175) 100 (70-143) 369 (304-449) 289 (234-357) 
   Unskilled manual 530 (484-579) 471 (429-517) 155 (132-183) 121 (101-146) 360 (324-401) 308 (275-345) 
Childhood social mobility*       
   Always advantaged 529 (476-588) 432 (383-487) 143 (117-175) 90 (69-117) 351 (308-399) 269 (231-313) 
   Upward mobility 497 (411-602) 535 (443-646) 200 (149-270) 130 (89-190) 398 (322-493) 296 (231-381) 
   Downward mobility 666 (519-854) 573 (439-749) 104 (56-192) 82 (41-165) 430 (317-585) 312 (218-446) 
   Always disadvantaged 551 (487-623) 448 (393-512) 155 (123-195) 120 (93-155) 353 (303-411) 305 (260-358) 
aT-test. bPearson χ2 test 
§ Includes intermediate non-manual social class 
*n=7,985 (men n=4,218; women n=3,767) 
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